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Claim 

An etching device characterized by the fact that in an etching device that provides a 
substrate to be processed to one of the electrodes arranged opposite each other with a prescribed 
space in between, makes the processing gas into a plasma by impressing electric power between 
the electrodes, and uses a computer to control the process for etching the substrate to be 
processed with this processing gas made into a plasma, it is composed with a means for inputting 
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the sensor output indicating the processing state into the computer and a means for composing 
the sensor output thus obtained into a graph and displaying it on a screen. 

Detailed explanation of the invention 
Objective of the invention 
Industrial application field 

The present invention relates to an etching device. 

Prior art 

Among devices for etching various thin films that can simplify the complex process of 
manufacturing semiconductor elements, can automate the process, and moreover, can form fine 
patterns with high precision, a plasma etching device which utilizes the reaction components in 
the gas plasma has been attracting attention in recent years. 

This plasma etching device is provided with an aluminum electrode at the bottom of an 
airtight container connected to a vacuum device, for example, an aluminum electrode body is 
provided, with an electrode made of amorphous carbon being provided at the top to oppose the 
aforementioned aluminum electrode, an RF power source is connected to this amorphous carbon 
electrode and aforementioned aluminum electrode, and electric power is impressed between the 
electrodes from the aforementioned power source by setting a substrate to be processed, for 
example, a semiconductor wafer, on the aforementioned aluminum electrode. At the same time, a 
necessary processing gas is fed between the aforementioned electrodes. This processing gas is 
then converted into plasma by means of the aforementioned electrode power, and the surface of 
the aforementioned semiconductor wafer is etched with this processing gas that was converted 
into plasma. 

In this type of etching device, many automated devices are provided for loading the wafer 
into the reaction vessel from the cassette and executing plasma etching; the information for 
monitoring and control of the operating state of the automated device is input via various sensors 
provided to each device into a control device that controls the plasma etching, and is fed back to 
the aforementioned many devices after being converted into control information. In the 
conventional etching device, the part of the information that controls and monitors these 
operating states was displayed only as character information. 

Problems to be solved by the invention 

However, in LSI, super LSI, etc, a large volume of various information was necessary to 
determine the processing conditions for obtaining the optimum etching rate in order to form 
ultra-fine patterns with high precision, to verify the reproducibility, and to control the lot, and 
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with the conventional output of only character information, there were problems from errors in 
reading the information and from analysis and discrimination of the aforementioned information 
not being possible in a short time. The present invention was made taking these factors into 
consideration, and provides an etching device that allows quick verification of reproducibility, lot 
control, etc. because errors are immediately found upon viewing the information or discrepancy 
information, and analysis and judgement can be made quickly so that determination of the 
process reproducibility and lot control becomes easy by comparing graphs, etc., even for 
someone who is not a technician with specialized knowledge. 

Constitution of the invention 
Means to solve the problems 

The invention is characterized by the fact that in an etching device which provides a 
substrate to be processed to one of the electrodes arranged opposite each other with a prescribed 
space in between, makes the processing gas into a plasma; by impressing electric power between 
the electrodes, and uses a computer to control the process of etching the substrate with the 
processing gas made into a plasma, it comprises a means for inputting the sensor output 
characterizing the processing state into the computer and a means for composing the sensor 
output thus obtained into a graph and displaying it on a screen. 

Operation and effects 

Since an etching device which provides a substrate to be processed to one of the 
electrodes arranged opposite each other with a prescribed space in between, converts the 
processing gas into a plasma by impressing electric power between the electrodes, and uses a 
computer to control the process for etching the substrate with the processing gas converted into a 
plasma, was equipped with a means for inputting the sensor output characterizing the processing 
state into the computer and a means for composing the sensor output thus obtained into a graph 
and displaying it on the screen, it is possible to compose a large volume of various kinds of 
information for analyzing and determining the reproducibility of the process or for finding the 
process condition to obtain the optimum etching rate into a graph and to display it, thereby 
preventing erroneous reading of the character information that tends to occur when the display 
shows only a large volume of characters, enabling easy discovery of discrepancies and quick 
analysis of and judgement concerning the aforementioned large volume of various kinds of 
information in a short time, making determination of process conditions and verification of 
reproducibility easy, so the process can be controlled and changed properly, and greatly reducing 
the process loss time. Also, comparative examination becomes easy, even for a person who is not 
a technician with specialized knowledge, because of displays of displays of graphs, etc., lot 
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control and determination of process reproducibility becomes possible, and control becomes easy 
even for persons other than specialized technicians. 

Application example 

Below, an application example, in which the device of the present invention is applied to 
an etching device in the semiconductor manufacturing process, will be explained, with reference 
to the figures. 

As shown in Figure 1, a device, for example, a plasma etching device, that etches and 
processes a substrate to be processed, for example, a semiconductor wafer (1), is constituted of a 
loader/unloader device comprised of storage part (2) that stores aforementioned wafer (1), 
transport part (3) for transporting aforementioned wafer (1) in and out of storage part (2), 
alignment part (4) for positioning wafer (1) from transport part (3), processing part (5) that etches 
and processes wafer (2) positioned with aforementioned alignment part (4), and operation part 
(6) that executes control of the operation and monitoring of these parts. 

To explaining the loader/unloader part first, aforementioned storage part (2) can store 
plural, for example, two wafer cassettes (7) capable of stacking and storing plural pieces, for 
example, 25 semiconductor wafers (1), by providing a prescribed space in the thickness 
direction. This wafer cassette (7) is mounted on corresponding cassette mounting stand (8) and 
this cassette mounting stand (8) is capable of moving vertically by means of the respective 
independent elevating mechanism not shown in the figure. Here, it is preferable for the 
aforementioned elevating mechanism to always be positioned below aforementioned cassette 
mounting stand (8), as a corrosion preventive measure. 

Also, multi-jointed robot (9) that transports wafer (1) is provided to transport part (3) 
between aforementioned storage part (2), alignment part (4), and treatment part (5). Arm (10) 
provided with a holding mechanism, for example, a vacuum pickup mechanism not shown in the 
figure, is provided to multi-jointed robot (9), and this arm (10) is formed from a material such as 
ceramic or quartz that prevents heavy metal contamination of wafer (1). Also, this multi-jointed 
robot (9) can rotate freely with one point as an axis and can move in the horizontal-axial 
direction. Also, vacuum chuck (1 1) is provided to alignment part (4) that positions wafer (1) 
transported by aforementioned transport part (3). This vacuum chuck (11) is comprised of a 
disc-shaped inner chuck and a ring-shaped outer chuck that is spaced a prescribed distance from 
the outer circumference of the inner chuck. The aforementioned inner chuck can move vertically 
and rotate, with the center of the inner chuck as the axis, and the aforementioned outer chuck can 
move in the horizontal-axial direction. Also, a sensor, for example, a transmission type sensor, 
which is capable of moving toward the center of the inner chuck and detects the wafer outer 
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circumference, is provided. As was noted above, the loader/unloader device is comprised of 
storage part (2), transport part (3), and alignment part (4). 

Then, processing part (5), which processes wafer (1) positioned with aforementioned 
alignment part (4), is constituted. This processing part (5) is provided in processing chamber (12) 
for executing an etching process with plural, for example, 2 systems of inside load lock chamber 

(13) and outside load lock chamber (14) capable of transporting wafer (1) while maintaining 
airtightness and spare chamber (15) for multi-purpose use to execute treatments such as light 
etching, ashing, etc. on wafer (1) after processing is connected to outside load lock chamber (13). 
Open/close mechanism (16a) is provided to aforementioned inside load lock chamber (13) by 
forming an inlet for wafer (1) in one side wall on the aforementioned alignment part (4) side and 
open/close mechanism (16b), which makes isolation from aforementioned processing chamber 
(12) possible, is provided to the opposite surface from the open/close mechanism (16a). 

Then, handling arm (17a), which transfers wafer (1) to processing chamber (12) from 
alignment part (4) is provided inside load lock chamber (13). Also, for aforementioned outside 
load lock chamber (14), open/close mechanism (18a) that makes isolation from processing 
chamber (12) possible is provided in one side wall on the aforementioned processing chamber 
(12) side, and open/close mechanism (18b) that makes isolation from spare chamber (15) 
possible is provided in the side wall on the spare chamber (15) side adjacent to open/close 
mechanism (18a). Also, handling arm (17b), which executes transfer of wafer (1) to spare 
chamber (15) from reaction processing chamber (12), is provided to outside load lock chamber 

(14) . A vacuum exhaust mechanism, for example, a rotary pump not shown in the figure is 
connected to aforementioned load lock chambers (13) and (14), and furthermore, a purge 
mechanism, not shown in the figure, is provided that is capable of introducing an inactive gas, 
for example, N 2 gas. Then, in aforementioned processing chamber (12), the inside part made of 
Al and applied with a surface alumite treatment is formed into a cylindrical shape. At the bottom 
of this processing chamber (12), bottom electrode body (20) linked to elevating mechanism (19) 
is provided to elevate freely, and airtightness is maintained with bellows (21) made of a material, 
for example SUS, in correspondence with the elevation thereof. This bottom electrode body (20) 
has a plate shape and is made of, for example, aluminum that is applied with an alumite 
treatment on the surface. The top surface of bottom electrode body (20) that holds semiconductor 
wafer (1) is formed into an R, and this is tilted from the center towards the periphery. 

Also, a synthetic high molecular weight polymer film, for example, 20-100 (am of heat 
resistant polyimide resin that is not shown in the figure, is provided between bottom electrode 
body (20) and the semiconductor wafer (1) mounting surface by adhering it to the semiconductor 
wafer (1) mounting surface of bottom electrode body (20) with a heat resistant acrylic resin 
adhesive so as to make the impedance uniform between semiconductor wafer (1) and the 
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electrode that holds this semiconductor wafer (1), namely, bottom electrode body (20). Then, 
through-holes (not shown it the figure), oriented vertically are formed in aforementioned bottom 
electrode body (20) at, for example, four places and lifter pins (22) capable of elevating freely are 
provided within these through-holes. These lifter pins (22) are made, for example, with SUS, and 
plate (23) connected to four lifter pins (22) is synchronized by operation of elevating mechanism 
(24). In this case, aforementioned plate (23) is forced downward by coil spring (25) if elevating 
mechanism (24) is not operating, and the extreme ends of aforementioned lifter pins (22) descend 
from the bottom surface of electrode body (20). Also, a cooling gas conduit is connected to the 
aforementioned through-holes and this cooling gas conduit is linked to the plural, for example, 
16 apertures (not shown in the figure) provided in the bottom electrode body (20) surface 
positioned at the peripheral part of aforementioned semiconductor wafer (1). A cooling gas 
introduction pipe is provided at the bottom part of processing chamber (12) and is linked to a 
cooling gas supply source not shown in the figure so that a cooling gas, for example, helium gas, 
can be fed to the back surface of semiconductor wafer (1) from these apertures and the 
aforementioned through-holes. 

Also, passage (26) is provided within the cooling mechanism, for example, bottom 
electrode body (20), and when electrode power is applied to aforementioned bottom electrode 
body (20), cooling is achieved by means of circulation of a cooling fluid, for example, a mixture 
of antifreeze fluid and water, with a fluid cooling device (not shown in the figure) linked to 
piping (not shown in the figure) connected to this passage (26), in order to improve uniformity in 
the etching process. Then, exhaust ring (28) provided with 36 exhaust holes (27) equally 
arranged at a prescribed angle, for example, at 10° intervals, with a diameter of, for example, 
5 mm, within the space between the side part of bottom electrode body (20) and the inside 
surface of aforementioned processing chamber (12), is fixed to the side wall of processing 
chamber (12), and the exhaust gas inside processing chamber (12) is exhausted freely by means 
of a connected exhaust device, for example, a turbo molecular pump and a rotary pump, via 
exhaust pipe (29) connected to the side of the processing chamber (12) below exhaust ring (28), 
etc. In order to mount and fix semiconductor wafer (1) to this kind of bottom electrode body 
(20), clamp ring (30) is provided so that it presses against wafer (1) when bottom electrode body 
(20) ascends. Clamp ring (30) is constituted to ascend to a prescribed height, for example, 5 mm, 
while maintaining a prescribed pressure when wafer (1) contacts this clamp ring (30) and 
electrode body (20) is raised. Specifically, clamp ring (30) holds plural shafts of, for example, 
high purity A1 2 0 3 that penetrate the top part of processing chamber (12) while maintaining a seal 
via, for example, four air cylinders (31). Aforementioned clamp ring (30) is adapted to the 
diameter of semiconductor wafer (1) in order to press the peripheral part of aforementioned 
semiconductor wafer (1) to the surface of bottom electrode body (20) formed into an R. This 
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clamp ring (30) is, for example, made of aluminum, has an alumite treatment applied to its 
surface, and provides an insulating alumina covering on the surface by means of this alumite 
treatment. Then top electrode body (32) is provided at the top part of processing chamber (12) 
opposite bottom electrode body (20). This top electrode body (32) is made of a conductive 
material, for example, aluminum with alumite treatment applied to its surface, and a cooling 
means is provided to this top electrode body (32). This cooling means comprises, for example, 
passage (33) that runs inside top electrode body (32), is linked to a cooling device (not shown in 
the figure) provided outside aforementioned processing chamber (12) via piping (not shown in 
the figure) connected to this passage (33), and has a structure by which a fluid circulates, for 
example, a mixture of antifreeze fluid and water, that is maintained at a prescribed temperature. 
Top electrode (34) made of, for example, amorphous carbon, is provided to the bottom surface of 
this top electrode body (32), and is electrically connected state to said top electrode body (32). A 
slight space (35) is formed between this top electrode (34). and top electrode body (32), gas 
supply pipe (36) is connected to this space (35), and this gas supply pipe (35) is composed to 
freely supply a reaction gas, for example, CHF 3 , CF 4 , etc. and a carrier gas, for example, Ar, He, 
etc., to aforementioned space (36) from the gas supply source (not shown in the figure) outside 
aforementioned processing chamber (12) via a flow rate adjuster, for example, a mass^flow 
controller, not shown in the figure. Also, plural baffles (37), which have plural apertures for 
diffusing the gas equally, are provided to this space (35). 

Then, plural holes (38) are formed in top electrode (34) so as to lead out reaction gas, etc., 
diffused by baffles (37), to the inside part of processing chamber (12) via said top electrode (34). 
Insulation ring (39) is provided at the periphery of this top electrode (34) and top electrode body 
(32), and shield ring (40) is arranged to extend to the bottom peripheral surface of said top 
electrode (34) from the bottom surface of this insulation ring (39). This shield ring (40) is formed 
with an insulator, for example, of ethylene tetrafluoride resin, approximately the same diameter 
as the substrate to be processed, for example, semiconductor wafer (1) to be etched, so that the 
plasma can be controlled. Also, high frequency power source (41) is provided for impressing 
high frequency electric power to aforementioned top electrode body (32) and bottom electrode 
body (20). Then, open/close mechanism (15a) is provided to aforementioned spare chamber (15) 
on the multi-jointed robot (9) side, a purge mechanism that introduces an inactive gas, etc. and an 
exhaust mechanism not shown in the figure are provided to prevent lifting, etc. of wafer (1) due 
to the pressure differences from the atmosphere with opening and closing thereof, and a 
mounting stand, not shown in the figure, for transferring wafer (1) is provided that can elevate. 
Then, operation part (6) is provided to monitor the wafer processing state and to control the 
operation of each mechanism constituted as described above. This operation part (6) is comprised 
of control part (42), which executes arithmetic processing of various information, and operation 
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display part (43), which executes monitoring, etc. and is composed with software written in, for 
example, C language. 

Aforementioned control part (42) is composed to allow individual activation or operation 
or serial activation or operation of aforementioned operation display part (43), storage part (2), 
transport part (3), alignment part (4), and processing part (5) or for input control of information 
from various sensors (not shown in the figure) provided at each state monitoring position. This 
type of control (42) is comprised of controller (44) that executes arithmetic, comparison, and 
other processes within control part (42), memory part (45) that stores the information processed 
in controller (44) and information from the sensors or operation display part (43), and timer (46) 
that measures the duration of the etching process. 

Then, operation display part (43) is comprised of display part (47), for example, a CRT 
that displays the information from control part (42), and input part (48), composed of plural input 
means, for example, keyboard, IC card, etc., that inputs information from operation display part 
(43) into control part (42). 

The various sensors provided at the aforementioned state monitoring positions consist of 

the following kinds. 

For example, there is a barratron gage that measures and detects the vacuum pressure 
within processing chamber (12), high frequency generator that detects the reflected energy or 
power consumption of high frequency electric power impressed on electrodes (20) and (34), 
rotary encoder that measures and detects the space between bottom electrode body (20) and top 
electrode (34) within processing chamber (12), mass flow controller that controls and detects the 
gas flow rate of the several gases flowing within processing chamber (12), platinum temperature 
measurement resistor that independently measures and detects the temperature of bottom 
electrode body (20) and the temperature of top electrode (34) within processing chamber (12), 
barratron gage that measures and detects the clamp pressure of the clamp for adhering and fixing 
wafer (1), which is the substrate to be processed, to bottom electrode body (20) within processing 
chamber (12), mass flow controller that measures and detects the flow rate of the cooling gas, for 
example, He gas, introduced to cool the back surface of aforementioned clamped wafer (1), 
monochromator that determines the completion of etching from the specific reflected light within 
processing chamber (12), etc. 

Next, the operation and function of the aforementioned etching device will be explained. 

First of all, wafer cassette (7) loaded with about 25 wafers is mounted on cassette 
mounting stand (8) for reloading by operator, robot hand, etc., and empty wafer cassette (7) is 
mounted on cassette mounting stand (8) for unloading. Then, wafer (1) is moved vertically by 
means of the elevating mechanism and installed at the prescribed position. Simultaneously, 
multi-jointed robot (9) is moved and positioned at wafer cassette (7) for loading. Then, arm (10) 
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of multi-jointed robot (9) is inserted under necessary wafer (1). Then, cassette mounting stand (8) 
is lowered by a prescribed amount and wafer (1) is vacuum grasp by arm (10). Next, arm (10) is 
extended to transport and mount it on vacuum chuck (1 1) of alignment part (4). Here, centering 
of said wafer and positioning of the orifura [transliteration] is executed. At this time, an inactive 
gas, for example, N 2 gas, has already been introduced into inside load lock chamber (13) and 
pressurized. Then, open/close mechanism (16a) of inside load lock chamber (13) is opened while 
introducing N 2 gas, wafer (1) positioned with handling arm (17a) is transported to 
aforementioned inside load lock chamber (13), then open/close mechanism (16a) is closed. Then, 
the inside of this inside load lock chamber (13) is evacuated to a prescribed pressure, for 
example, 0.1-2 torr. At this time, treatment chamber (12) also has already been evacuated to a 
prescribed pressure, for example, 1 x 10" 4 torr. Open/close mechanism (16b) of inside load lock 
chamber (13) is opened in this state and wafer (1) is transported into processing chamber (12) 
with handling arm (17a). In accord with this transport operation, lifter pins (22) ascend at a speed 
of, for example, 12 mm/S, by means of elevating mechanism (24) from the through-holes of 
bottom electrode body (20). With these lifted, wafer (1) is installed and left stationary on top of 
each lifter pin (22). Thereafter, aforementioned handling arm (17a) is stored within inside load 
lock chamber (13) and open/close mechanism (16b) is closed. Then, bottom electrode body (20) 
within processing chamber (12) is raised a prescribed amount by elevating mechanism (19) so as 
to mount wafer (1) on, for example, bottom electrode body (20). Furthermore, bottom electrode 
body (20) is continuously raised at a low speed, contacted to clamp ring (30), and is raised by a 
prescribed amount, for example, 5 mm, while maintaining a prescribed pressure. The gap 
between bottom electrode body (20) and top electrode (34) is accordingly set at a prescribed 
spacing, for example, 6-20 mm. Exhaust control is executed during the aforementioned operation 
and the necessary gas flow and exhaust pressure settings are verified. Thereafter, a reaction gas, 
for example, CHF 3 gas 100SCCM or CF 4 gas 100SCCM, and a carrier gas, for example, He gas 
1000SCCM, Ar gas 1000SCCM, etc. are equally rectified by means of baffle (37) provided to 
space (35) of top electrode body (32) via gas supply pipe (36) from the gas supply source while 
controlling exhaust so as to maintain the inside of processing chamber (12) at 2-3 torr, and these 
are made to flow out to semiconductor wafer (1) via plural holes (38) provided to top electrode 
(34). At the same time, high frequency electric power with a frequency of, for example, 
13.56 MHz, is impressed between top electrode (34) and bottom electrode body (20) from high 
frequency power source (41) to convert the aforementioned reaction gas into plasma and, for 
example, anisotropic etching of aforementioned semiconductor wafer (1) is executed with this 
reaction gas converted into plasma. At this time, top electrode (34) and bottom electrode body 
(20) reach a high temperature due to the application of high frequency electric power. When top 
electrode (34) becomes hot, thermal expansion is naturally generated. In this case, top electrode 
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(34) is made of amorphous carbon and top electrode body (32), which contacts this, is made of 
aluminum, so the coefficient of thermal expansion differs and cracks are generated. In order to 
prevent this generation of cracks, a mixture of antifreeze fluid and water is pumped by a cooling 
means (not shown in the figure) that is linked by piping to passage (33) inside top electrode body 
(32), and it indirectly cools top electrode (34). Also, if bottom electrode body (20) becomes hot 
even the semiconductor wafer (1) becomes hot, so there is concern about generating defects by 
damaging the resist pattern formed on the surface of semiconductor wafer (1). Therefore, bottom 
electrode body (20) is also cooled by pumping a mixture of antifreeze fluid and water from a 
cooling device (not shown in the figure) of a separate system linked via piping to passage (26) 
formed in the bottom part, in the same manner as top electrode (34). This cooling water is 
controlled to be, for example, about 0-60°C, in order to process the aforementioned 
semiconductor wafer (1) at a fixed temperature. Also, semiconductor wafer (1) is heated by the 
thermal energy of the plasma, so a cooling gas, for example, helium gas is fed to the back surface 
of semiconductor wafer (1) from the cooling gas supply source (not shown in the figure) via 
plural, for example, 16 apertures at the periphery and 4 through-holes near the center formed in 
bottom electrode body (20), the cooling gas conduit, and the cooling gas introduction pipe. At 
this time, the aforementioned apertures and through-holes are sealed by the position of 
semiconductor wafer (1). However, in actuality there is a very small space between the surface of 
bottom electrode body (20) and semiconductor wafer (1) due to surface coarseness, etc., and said 
semiconductor wafer (1) is cooled by feeding said helium gas into this space. Etching is executed 
for a prescribed time, for example, 2 min, while maintaining these conditions. Then, bottom 
electrode body (20) is lowered while exhausting the reaction gas, etc. in processing chamber (12) 
upon completion of this process, and wafer (1) is placed on lifter pins (22). Then, the pressure 
within processing chamber (12) and outside load lock chamber (14) is made about the same and 
open/close mechanism (18b) is opened. Next, handling arm (17b) provided to outside load lock 
chamber (14) is inserted into processing chamber (12), aforementioned lifter pins (22) are 
lowered, and wafer (1) is grasped and mounted on handling arm (17b). Then, handling arm (17b) 
is stored within outside load lock chamber (14) and open/close mechanism (18a) is closed. At 
this time, spare chamber (15) has already been evacuated to be about the same as outside load 
lock chamber (14). Then, open/close mechanism (18b) is opened and wafer (1) is stored on 
mounting stand, not shown in the figure, within spare chamber (15) by means of handling arm 
(17b). Then, open/close mechanism (18b) is closed, the mounting stand is lowered and 
open/close mechanism (15a) of spare chamber (15) is opened. 

Next, multi-jointed robot (9) is moved to a position prescribed beforehand, arm (10) of 
this multi-jointed robot (9) is inserted into spare chamber (15), and wafer (1) is grasped and 
mounted on arm (10). Then, arm (10) is transported, multi-jointed robot (9) is rotated by 180° 
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while moving to the prescribed position when open/close mechanism (15a) of spare chamber 
(15) is closed, and wafer (1) is transported and stored at the prescribed position in empty cassette 
(7) by means of arm (10). The aforementioned series of operations is executed with regard to all 
wafers (1) stored in cassette (7). 

Next, the aforementioned operation will be explained using Figures 3 and 4 by focusing 
on the information processing in operation part (6). 

Substrates to be processed, for example, wafers (1), are placed in storage part (2) in wafer 
cassette units [step] (50), the temperature of top and bottom electrodes (20) and (32) in 
processing part (5), the temperature of the side wall of processing chamber (12), the detection 
method of, for example, the end point for determining etching process completion, etc., are 
established by process condition setting [step] (51) from input part (48) in operation display part 
(43), and then stored in memory part (45). Next, in process procedure setting [step] (52), 
procedures for the order, the combination, and the duration of, for example, maintenance of 
pressure within processing chamber (12) of processing part (5), application of high frequency 
electric power, delivery of processing gases such as reaction gas, carrier gas, etc. are stored in 
memory part (45) from input part (48). Next, when the start switch, not shown in the figure, of 
operation display part (43) is pushed [step (53)], wafer (1) is transported by means of transport 
part (3) composed of, for example, multi-jointed robot (9), etc., not shown in the figure, from 
wafer cassette (7) placed in storage part (2), [step] (54) then mounted and set within processing 
chamber (12) of processing part (5) [step] (55). Next, setting is executed in process condition 
setting [step] (51), the process condition stored in memory part (45) and actual information from 
the sensor that is detecting the processing condition in processing part (5) are compared [step] 
(56), and if the condition is not satisfied, processing part (5) is controlled by controller (44) until 
the actual information from the sensor satisfies that condition, so that it becomes the set process. 
Then when the condition is satisfied, cooling gas for cooling wafer (1) is introduced, a 
processing gas such as is indicated in the process procedure, for example, flow is introduced 
[step] (57) according to the instructions stored in memory part (45) which were entered in 
process procedure setting [step] (52), high frequency electric power is applied, and the etching 
process is started. Then etching is executed until end point detection is made by means of, for 
example, the average value end point detection method that was specified in process condition 
setting [step] (51), using the information of a sensor, for example, a monochromator, in the 
processing part [step] (58). Then when end point detection [step] (59) is made, cooling gas for 
cooling wafer (1) stops. Simultaneously, for example, in-flow of the processing gas is stopped 
and application of high frequency electric power is stopped [step] (60) according to the 
procedure set in process procedure setting [step] (52). 
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Next, wafer (1) is stored in cassette (7) for storing in storage part (2), by means of 
transport part (3) composed of multi-jointed robot (9), with the completion of the etching process 
in processing part (5). Then, the operations subsequent to pressing the start switch are repeated 
until ail wafers (1) stored in wafer cassette (7) for loading are completed as in flow [step] (63). 

Here, the outputs of various sensors, which detect the aforementioned processing states, 
can be displayed at the necessary time. Specifically, as shown in Figure 5, whether or not to 
display is selected from the keyboard in operation display part (43). Next, display is desired, the 
processing state is selected from the keyboard in operation display part (43) [step] (65). Then, the 
selected processing state is incorporated in control part (42) [step] (66). Here, arithmetic 
processing is executed on the incorporated information and the graphing process is executed 
[step] (67). Then the result of the graphing process is displayed in display part (47) [step] (68). 

This display is a voltage conversion display by means of a graph with, for example, the 
voltage on the vertical axis and the time on the horizontal axis, as shown in Figure 6. This 
display state continues as long as there is no indication from the keyboard of input part (48). The 
resolution of the display data is a cycle of, for example, 200 mS. Here, when an indication of 
display completion is executed from the keyboard in input part (48), it is reset and returns to the 
original state. Also, a closed loop is composed so as to return again to the original state if "not to 
display" is selected in aforementioned selection [step] (64). 

As noted above, the processing state of the device is displayed in display part (47) in real 
time as a graph of the necessary sensor data. 

As was noted above, according to this working example, since an etching device that 
provides a substrate to be processed to one of the electrodes arranged opposite each other with a 
prescribed space in between, converts the processing gas into a plasma by impressing electric 
power between the electrodes, and uses a computer to control the process for etching the 
substrate to be processed with this processing gas converted to a plasma was equipped with a 
means for inputting sensor output detecting the processing state into the computer and a means 
for composing the sensor output thus obtained into a graph and displaying it on the screen, it is 
possible to compose a large volume of various kinds of information, for analysis and 
determination of the reproducibility of the process or for finding the process conditions in order 
to obtain the optimum etching rate, into a graph and display it, to prevent erroneous reading of 
character information that tends to occur when only a large volume of characters is displayed, to 
find discrepancies easily, to analyze and categorize the aforementioned large volume of various 
kinds of information quickly, to make finding process conditions and verification of 
reproducibility easy, to set and adjust the process properly, and to greatly reduce the process loss 
time. Also, displays of graphs, etc., make comparative examination easy even for a person who is 
not a technician with specialized knowledge, lot control and determination of process 
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reproducibility become possible, and control becomes easily possible even by persons other than 
specialized technicians. 

This invention is not restricted to the aforementioned working example, and can be 
applied to semiconductor manufacturing devices such as CVD or sputtering devices that deposit, 
for example, a required thin film on a substrate to be processed, ashing devices that carbonize the 
resist, etc. 

Furthermore, needless to say, it can be applied to a device that manufactures LCD 
substrates used for image display devices such as liquid crystal TV, etc. 

Brief description of the drawings 

Figure 1 is a block diagram of an etching device explaining a working example of the 
semiconductor device in the present invention, Figure 2 is an explanatory diagram of the 
processing part of the device in Figure 1, Figure 3 is a block diagram explaining the constitution 
of the operation part, Figures 4 and 5 are flow charts explaining Figure 3, and Figure 6 is a 
working example of the display shown in the display part of Figure 5. 

(5)...processing part, (42).. .control part, (43).. .operation display part, (44)... controller, 
(45). . .memory part, (46).. .timer. 



Figure 1(A) 

(2) Storage part 

(3) Transport part 

(4) Alignment part 

(5) Processing part 

(6) Operation part 




Figure 1(B) 
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Figure 2 



Key: A 
B 
C 



Turbo molecular pump 
Rotary pump 
Gas supply source 
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Figure 3 



Key: A Keyboard 

B IC card 

C Operating unit 

(2) Storage part 

(3) Transport part 

(4) Alignment part 

(5) Processing part 

(42) Control part 

(43) Operation display part 

(44) Controller 

(45) Memory part 

(46) Timer 

(47) Display part 

(48) Input part 
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51 " 
52- 
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57- 
70- 
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Figure 4 

Key: 50 Mount wafer cassette 

5 1 Set the process condition 

52 Set the process procedure 

53 Turn ON start switch 

54 Transport wafer 

55 Set wafer in the processing chamber 

Adjust the top and bottom electrode temperature, sidewall temperature, clamp 
pressure, degree of vacuum, etc. 

56 The set process condition and the actual value within the processing chamber 
correspond 

57 (Flow) Wafer cooling gas is introduced 
Processing gas is introduced 

High frequency electric power is applied 

58 (Flow) Process 

59 Detection of end point 

60 (Flow) Wafer cooling gas is stopped 
Processing gas is stopped 

High frequency electric power is turned OFF 

6 1 Transport of wafer 
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62 Storage of wafer in cassette 

63 (Flow) Prescribed number of wafers completed 






YES 



















65 



-66 



QXftJ&flL 



- — ■ — 67 



1 AftfrxAffx h — 68 



Figure 5 

Key: A Processing state of the device 

64 Display the processing state of etching device 

65 Select the displayed processing state 

66 Incorporate the selected processing state in the control part 

67 Compose the incorporated information into a graph 

68 Display in the display part 
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V O x/n(i) & fcHJ&(i2)xNfe AT 4 . rco«5AO 



-195- 



«M-«Mj. TSHffi#(20)<&JlHa*6#|.fe«fl| 
(24) o ffift t: ± g 7 £ — > ( 2 2 ) ft ffl A. 1*1 2 

* y 7 ^ » t: >{22)© itta-c o x^o)t «n u 

» it tt J« * * a . -«0a±R/N>KVV^7-A 
(17a) -f ><JB D - K □ v ? 3(I3)lCIfcM 0 , pg 
WW W (16b) SrCflmr * . Ht. JGJ3£(l2)f*3 

» affile 20) */rr£fi 0i i * Tfc iaf$^(2o) 

K A U x # r 4 . JM:. ai«0jft-c-Fftf2ffi{* 
(20) £ &&j£-Cx# U . ? v > 7 >J > if (30) K ^ 
ft 2 . ffi & a JEE # S ft ft L * # , #r £ fi 

*ii5™_t£ra. d n tc »j Tgstam#(20)i: 

JiSCfctf (34)t y r *m£(0fiflM«;UX6 

4. fOft. »a« (12)^ fc 2~ 3 Torr" 
K (ft O r t <»«W»Ufic*«6 fiW /f xWA ,, x 
CHF, n A lOOSCCM^ CF, A 100SCCH& * * »j y 
rf^mXtt He* AIOOOSCCH^ Ar;tf * 1 000SCCK3? 



f*M¥ 1-283934 (6) 

fi: 1i A Otffl H J: U # A {JUG 1? (36) £ L T x gft ft 
ffi«f (3 2) CO SflJ) (35) t; J2 lj ^ /< v 7 ;u(37) i; 

Hi f* (20) t CD |1U IC ft ft ft A If 1 3 . 56* Hi 0) jq ft 

^ 0) <D ffl A. I* » # ft X * * > ;f £ f? * } m 

»^»«^«8J/lD»CJ:iJ±aJTttfE(34)&yTS0ni 
ffi*(20) tfjSSffl t 4 5 . xSflSn* (34) ^fcffl * 

4t^«ffi5fi^«4T4. C CO tt} £ . c to ± ft 
E (34 ) 60 ft it 7^;i/7 7 ^/i-rf(>aT*u 
:nt ^^u4 Jb gflft ffitf (32) H7;i/5: 9 

a « v p> 4 *> . & # « fiR b # a * u o a *j tx * 
JB & r 4 . ;«it>i;aM5«/fe fettjtT4/irtl; 
i»««*(»)flli:jBj«4 nfc«»(33)ic fin 
HbraiijiiTu^a.^ (B;Sttr) ^ ^ 

^CKttt^tCOifi^TkSrau. 110 tt ± SB JB f£ 
(O^l^auto/,. TSSOffitf (20)tf » 



t ft « & a . -<o**(ioi^co*as^jBfta*n 

*TinfflftA«»4, *tf>£iOT2l55IffiU:(20) 

ji m ^ (34) t n«ui. Tfflnc»/fts'nfcaa 

(26) tc«i?fc^fca!fflLr n 4 S'J* tScoftipK 
n ( B m it r ) ^S^tfttfcrtfcajH^rtttfca 

K O -SOTTffl/EUfflW UTn 4 . * . * V # 0 

ffi t co no k it a m«i $ 9 0 a ^ tc jj ,j tt/Jx ^ tt M 



m k m & u * « «i ^ D $ « ^ ^ « 2 ^ » x v *- > 

«ffi»(20)ftTWU. U 7 ^ - t * V(22) x \z 0 x 

(I 8b) t BB p r 4 M:7niia-KOvi;S 
(U)KIBW6nfc/% V K U Vif 7- A (l?b) fc£ 
flBar(l2)rt »c f$A t . lay 73/ - fcT:/ (22) ft T 
W U . -5 i^O) ft/N > K y >if 7 - A ( 17b) T 9ft 
*«IET*. HT. m> K »; y'S 7 -A(l7b) 

. s 7 * d - k □ y o 2(M)ica« u . cacna 

«(Ua) ft Ofl«r 4 - C COB$f-C lC*ttfc <|S)ll 
T^4. HT, MCfl«IM(i8b) &D3P t. ^> 

k i; > if 7 - a (nb) aijox/^iffls 

(15)WcOSl7n L,fcv* taHS^ttJirt-r 4 . ut. 
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(is) w ua w tt « (i5a) oa □ r 4 ; 

fc K & £ ri* i; a ffi £ CO ti^ U £ M ffl n ;« y h © 

(10)fcT-flJ2(15)^fi?AL. 7 - A (10)_t \Z 0 x 
^(l)i»«JSia-r5. UT, 7 - Z*(I0) fc mm 
t. *ffla<l5)©Mraij!*4UlSa)fc|flmr^ra 
"5 i: . £ DO JBS □ /K y h« fc/TrS WffiBi:»ft I 4 
tf'iLSO* yhC&Offi32<D{4ffl 

^•5x/\(0. & 7-a(ioji: i y, 0Q&fcJrtr*. 

& f l 1 'kK«30&tffll4(afcfflMTIftiwra. 

n iz y h JM£T JttEt U (50), Bttt&m&(43)co A 
a fiflU'a) <fc u 7 n tr x &tt-K£(5i) tc r , 

& bi g=p © cd _h t 0 fa m (20) (32) ajE ^ % 

( 1 2 ) ffl §1 co ifi & , ^v^V^yn-bAHTSr^ 
(45) /\ E tttr <5 . y a -tr 7, ^JCt tt£ (52) K 



n*. * OTyot^*«:a^(si)rjs^Lfe« 

^li^yi7a^~-5-CommSrffiv>. ft £ ft ffl ft< 

L T K,6 *ft /ij (59) tfftSKfi fc, ^ x /\ 00 & ft fil 
T^^co^iP^A^ih*^. ; n t li? i$ t; , y a 
* afc<52)T K£ L icftv*. 

»arf.X0«Afcji:*K ftra&tfflcoftaij&jjta 
S (60) . 

ttfti^xAtDfc^gjjjn^y h fig * ft 

a sc a) \z <t »j . tettfl©»iRtt/a»-b3/hO)^tt 
ca^Mr*. tpt7D-(63)o«KiD-Kffl i J 
x/N/j-fe^ HC7)u:i&jtrt;£HTv^£x/\(i)co;£T 

L 'a <c to ft * . 

ccit. ± Ki&ia'tt/a $: tt^ar i ^ a -fe ^ ^ (o 
m^ii^ar**^ sv^-cajsr-scA^flfir 



1-283934 (7) 
r. M^»fiGJiftCii<s)(o«iiaa(i2)rt<7)ffi^^nw 

flfc fit # . S/C^^t#tU7^A^Wjfiffl^^^ 
5:. ^iv^Xfl/?&c;«l-^-ttrT. ^ CO < £ o CO B? 
HQ ft ft } rt» CO ^ & A J] U (48) i: U K tl gn (45) ^ 

Ktara. ic w^a™ ®(43)co a* u ^ ^ * * 

x ;n >j ir y h C3 «fc U 9 x j\ 0) * W A. li 0 m b * i> 

£ os ins □ Jti -j h©)^^^/dti»ixaa)^«fc y » & 

b(54). »fflfiB®CD«J313:(12)rt icttBZ L . * v 
xw>^ri(55). & IC . y P ir A & 4 12 Z (51) 
-CW&U. ft SO (45) ^ IE tl t Ac y a * a £ # . 
&WB®<!>ta&Vim * & ft LX \* Z * > V e> to 
5£ flft CO ti? ffl t SrltW L ( 5 6 ) , jfett^»JSJftti' 

& p n 11 , ■fev^A^<7>g5Rsicow«^«j£sni 

*f*Kfc*J:3KfcJaifi5C5)fc0J»r4. f LT, 
^o-fex#ffitt^(52)UTM^U 

S2taga(45)^satau fcrtsnctfco □ * 

m * i* ^ □ - (57) c 7^ r $ a a a # a ^ l . e 



CO * - jK - K J: »J . «mt4^5frijiiKr4 
(64). 9; t: -2J iir t t ^ t L $ ■£ , ^^S^gn 

(43) CO * - - K * «a ^ m 0 t» » 3S8 « £ ^ 

r&(65). t l TiaiR $ tvfcftattiB i mm si 
(42)^® y 3i (66) . c c-c» y ii^3gflr fr« 
ffo. H«{t»ats(67). * Lxmmt&wL 

fzKi!& S:Smg5(47)^a^r 6 (68). 

-wa^i±sn6iai;mr«t:«jLn««s:ttt£E. 

=««<c»wtt«rtA/j»(48)6!)*-^ 

r - ^ CO # « fill* ^ A. \t 200aSCO)J55 )03 T? h 6 . Z 
C"C. 70 » m * Art ffl(4B)$) * K 

* y ft cc 3 * , n-; hn. t co « as ^ * . 

±Kco«lcKHcoto^ttja & y 7;u? ^ at?} 
SP (47) A^iitit^f-^H^aint 
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RO W «: Cfl it T W |.M «2 R U /S: m « O - * t » a a 
ts ft tttt . Jt ,w iK « no k: ri a fe tqi jjio l r ft fla ^ 

fa - j»ittt4xyf >^KHi:fev»T. ft SB 

1" a * © t . co^aicj&uto&KAtsy^-u^ 
r a a 0 ^ a s , ^tt(7)t3w^77ftitnm 

«JlT4ct{f.(;, >_ K ^ q , * ft «D ffl « fc ffl 8$ 
rdMc » « • W W r ft . *a**«ftfl:fflt,*. ft 

9ittuws35v«:»fijcuiatt*, k 3C ft a a n 
- * ^ ? ? ^ <o 0 a <t & ?iuc * u # n *a 



% 1 0(A) 




» fifl ¥1-2835)34 (8) 

# a a . 

cfl)«iJIitiEgiE»Wi:paS2h4t,0TiiJi 

5 4 K . A T V if <D jfi ft ft m « H 4 if t; ffl 

A n C fc 14 » } * T fc n . 
4 . 0 On to AS JU ft Jft flfl 

f vifRHottiaiB, # 2 a {* # i 
W/iisrMin-r^yDy^ia. m 4 ta . 5 ia u # 

3 HfcKWtifeJOO 7 o«f t - h. 35 6 0 li 

5 - ft m sit 42 - ipj » as 

43-"ta^4SmfiB 44- 3 :/ h □ - ? 

45 ••* K t& SB 46 - £ <f 7 — 



# 1 121(B) 
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ftriS¥l-283U34 (9) 




» 4 



X 



50- 
51- 
52- 

53 — ( xFW'fw) 



54- 



5 




57—- 
70- 



i 



rot?, . 



NO 




-58 
70- 



[yes 



-60 




» 5 El 
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VOLT 
MAX 



** GRAPH REALTIME DATA K * 



MIN 



81 ?§8 



SAMPLE AOC 
(200M5) 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
36 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 



82 

05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

?2 
23 
24 
25 



700 
750 
630 
750 
640 
630 
680 
620 
660 



12 3 4 
REALTIME OATA SELECT MENU 
MENU 



1 PRES 6 GAS2 

2 RF.L 7 GAS3 
.3 RF.R 6 GAS4 

4 GAP 9 GAS5 

5 GAS1 10 GAS6 



6 7 8 
MENU NO 
MAX VOLT xx 



SAMPLE "Or 01SP START 
TIME MIN SEC 

TIME (SEC) 00 



20 



L TMP 16 EPD 
U TMP 17 
C TMP 1fl 

r r?l ft DISPLAY START 
C GAS 20 



9 10 
XX GRAPH PAGE SEL (MEMO) 
* xx PAGE CHANGE ?? 

?? 
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